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Abstract Larvae of Sabahan Papilio memnon L. and P. polytes L. were reared under a photoperiod 
of 12L-12D or 14L-10D at 20°C. In both species, photoperiods affected pupal development, 
although there was no significant difference in the mean larval stages between photoperiodic 
conditions. In P. memnon, the pupal stage under the short day (23-27 days) was slightly but 
significantly longer than that under the long day (23-24 days). In P. polytes, four of nine 
individuals prolonged their pupal stages under the short day (29-92 days), while all individuals 
developed without arrest in development under the long day (19-21 days). The results show that 
these Papilio butterflies inhabiting the tropics near the equator have the ability to delay pupal 
development in response to a short photoperiod at the moderate temperature. 
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Introduction 


In temperate insects, diapause is regarded as one of the important adaptations for surviving 
adverse seasons, and is mainly controlled by photoperiod and temperature (Danilevsky, 
1965; Danks, 1987). In Papilio butterflies, it has been reported in several temperate species 
that pupal diapause is induced by larval photoperiod (Oliver, 1969; Hidaka & Hirai, 1970; 
Ichinosé, 1974; Ichinosé & Negishi, 1979; Ishii, 1977; James, 1988; Yoshio & Ishii, 1998). 


In tropical regions, on the other hand, insects are subjected to nearly constant conditions of 
temperature enabling them to develop throughout the year. However, it is known that 
tropical insects including butterflies show such seasonalities as population fluctuation and 
production of seasonal morphs (Owen, 1971; Young, 1982; Wolda 1982; Ishii, 1994; Braby, 
1995). Denlinger (1986) reviewed dormancy in tropical insects and concluded that 
diapause is not a rare event in tropical regions. 


Evidence for diapause has been also reported in tropical papilionids (Singh, 1993). 
However, only a few studies have been made so far on diapause in tropical Papilio species, 
so that the factor or factors for its regulation are still unclear. Ishii (1987) reported that 
some individuals of P. demoleus L. from Sabah, Malaysia, entered pupal diapause under a 
short photoperiod of 10L-14D at 20°C, and suggested that moderate rearing temperature 
might induce diapause. We carried out an experiment to elucidate the effect of photoperiod 
on larval and pupal development in two tropical papilionids, P. memnon L. and P. polytes 
L. 





*Permission to import materials of foreign butterflies was given by the Kobe Plant Protection 
Station of the Ministry of Agriculture, Forestry and Fisheries of Japan (No. 7K106). 

**Present address: Division of Radiobiology and Environmental Science, Research Institute for 
Advanced Science and Technology, Osaka Prefecture University, Sakai, Osaka, 599-8570 Japan. 
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Materials and methods 


Three middle instar larvae of P. memnon and four of P. polytes were collected at Ranau 
(5.5°N) in Sabah, Malaysia in late February, 1995 (Fig. 1). These larvae were reared 
individually in 200-m/ clear plastic cups on fresh leaves of citrus, Citrus spp., under semi- 
natural conditions during our period in Sabah, and under a long photoperiod of 14L-10D at 
25+1.5°C in the laboratory of Osaka Prefecture University, Sakai, Japan. As for P. 
memnon, the final instar larvae were reared in 500-mi cups until adult emergence. Al the 
larvae developed into adults without any arrest in development in these conditions as 
reported by Ishii (1987). Eggs were obtained from females of both species mated by using 
the hand-pairing method (Clarke & Sheppard, 1956). 


Twenty three and 28 eggs were obtained from the females of P. memnon and P. polytes, 
respectively. Newly hatched larvae were reared according to Yoshio & Ishii (1996) on an 
artificial diet at 20+1.5°C. Since Sabah is located at about 5°N and the daylength including 
civil lights at a latitude of 5°N ranges from 12 hr 36 min to 13 hr 11 min (Beck, 1980), we 
adopted two photoperiods of 14L-10D and 12L-12D as being slightly longer and shorter 
than the local natural daylengh. Pupae thus obtained were kept under the same conditions 
as the larval stage until adult emergence. Larval and pupal stages were recorded 
individually. 











(c) (d) 


Fig. 1. Male and female adults of Papilio memnon L. (a, b), and P. polytes L. (c, d) from Sabah, 
Malaysia. 
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Table 1. Mean larval stages (mean+SD days) of two Sabahan 

Papilio species, P. memnon and P. polytes, under long day 

(14L-10D) and short day (12L-12D) at 20°C. 





14L-10D 12L-12D p* 
P. memnon 32.541.9 (n=9) 32.7+2.7 (n=10) P>0.05 
P. polytes 32.9+2.0 (n=13) 32.2+1.5 (n=11) P>0.05 








*Significance between means under two photoperiods by t-test. 


Y UO A A 


20 25 30 
Days after pupation 


Fig. 2. Frequency distribution of the pupal stages of the Sabahan P. memnon reared under 14L- 
10D (open columns) and 12L-12D (closed ones) at 20°C. 
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Fig. 3. Frequency distribution of the pupal stages of the Sabahan P. polytes reared under 14L-10D 


(upper) 


and 12L-12D (lower) at 20°C. 


Results and discussion 


There was no significant difference in the mean larval stages between photoperiods in either 
P. memnon or P. polytes (P>0.05, Table 1): The mean larval stages under 14L-10D and 
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12L-12D at 20°C were 32.5 and 32.7 days in P. memnon, 32.9 and 32.2 days in P. polytes, 
respectively. Ishii (1987) reported that photoperiod did not influence larval development in 
three Sabahan papilionids, P. demoleus, P. memnon and P. polytes, at a temperature of 
25°C. Our results showed that larval development in P. memnon and P. polytes was not 
affected by photoperiod even at a temperature of as low as 20°C. 


However, there was a marked difference in the pupal stage of both species between the two 
photoperiodic conditions. Figure 2 shows the frequency distribution of pupal stages of P. 
memnon reared under 14L-10D and 12L-12D at 20°C. The pupal stage under 12L-12D 
(23-27 days, N=9) was slightly but significantly longer than that under 14L-10D (23-24 
days, N=5) (Mann-Whitney U-test, P<0.05). 


In P. polytes, although all the individuals emerged within 21 days (19-21 days, N=12) after 
pupation under 14L-10D, the pupal stages under 12L-12D varied between 20 and 92 days 
(Fig. 3): Four of nine individuals which pupated showed an extension of pupal stage, and 
emerged as adults 29, 58, 75 and 92 days after pupation, respectively. 


The results show that Sabahan P. memnon and P. polytes have the ability to respond to a 
short photoperiod as 12L-12D by extending the pupal stage if combined with a moderate 
temperature as 20°C. Especially in P. polytes, there was significant difference in the ratio 
of individuals that extended the pupal stage between photoperiods (Fisher’s exact 
probability test, P<0.05), and such an extension of pupal stage could be explained only by 
the induction of diapause. 


It is intriguing that the Sabahan Papilio species showed a photoperiodic response, although 
Sabah is located at a low latitude of around 5°N where the seasonal variation of daylength 
is small. Denlinger (1986) suggested that the change in photoperiod may not serve as a 
seasonal cue for inducing diapause in insects inhabiting tropical regions near the equator. 
Our results, however, clearly show that photoperiod would act as an important seasonal cue 
of diapause regulation even quite near the equator at least in a Sabahan butterfly, Papilio 
polytes, under moderate temperature. 
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ial z 


PET TINA a VEL OWE IC IES SCO eee Bg IF SS) 


a k OSTEO Papilio RT 77\F a VET, DROW ko TRR R NS 
C EBM SNR. Hh, MED 7 TANF a 7 BORIRVEIC ESD SPILL eC, HIRO BA 
EREKTA ASB. Ishii (1987) tk, t+ Y 7 77) Papilio demoleus L. M7 SEARRE C7 
L-Y7, FIV) OJEE 20°C, 1OMMAR CHATS CLICK 0, ARRE HEL CAS, BH 
KRUTO EO AR ORE IZ OV CT ILHAHE CIS AVY. SC CASE Clk, BET PVF a 
HORREBY A XAORA HW SANTA OERE Tor. 


19952 FIC ONIN CERIA P. memnon L. EVYOUFE ST WYP. polytes L. DR ZIRE L, 
FARAH Citrus spp. DÆ CHB Le. DEL ERE EY FRR UY PEED THEE UKE 
IL, HME Le © 20°C 12M kU 4A CHE L, RE k OWI E RU. 


2 OGRE, WML > RAL ACHR LAB DORD, HMM oTi ERRET 
ERBD bth. FAST TOWARDS, 14 EC 23-24 H, 12RD Clk 23-27 HG, D 
TFET AAU CHEREDoOk. VUFeET A, Cowl, 4H AE Cd 19-21 H CHO 
725, 12 RF H E Cs EH 20-22 H CIEL EZ w= HL, INE E TE 29-92 AK BLETAV-F 
Corne. thbb, VOFET RNC 20COMHAE PE TIRET 2 ADEE Le. Yu 
AEP PINOY ISABEL 25°C CLEA RET (LORE H Fe) To RRA D Do 72.48 (Ishii, 
1987), 20°C Ev 4 Bhi Cid arik % in E PA OMAGH AIL > CHIR DE SNS Z DSHS 
Mc te -o 72. Denlinger (1986) Id, 14ES IBC CHRORLOLS RENE CI, HHH KRB ES 
OEMS CL TRILO E ERIBL TAR, PREC ESRYOFETFNODV MAAR EB 
Vs CILICAA IL REE ES CHAD EEREN. 
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